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Specification 

(54) Title of Invention: Manufacturing method of thin film semiconductor device 
(57) Summary 

[Purpose] Tb offer a thin film transistor (TFT) with excellent characteristics. 
[Constitution] An amorphous silicon film is formed to a thickness of not less than 400 A 
on the surface of an insulator, which is crystallized by doping a catalytic metal element 
such as nickel and annealing thermally, furthermore on which photo-annealing is 
performed by an intensive light such as a laser beam. After that, projections on the 
surface of the silicon film are taken off by polishing the surface of the silicon film with 
chemical machinery polishing method (CMP method), and the catalytic metal element 
concentrated in the projection portion is also removed. Therefore, the evenness of the 
silicon film is improved, even in case that an insulating film is formed on this, enough 
voltage proof can be obtained and the reliability of the silicon film is improved. 

[What is claimed] 

[Claim 1] A manufacturing method of a thin film semiconductor device comprising: 

(1) a process for forming an amorphous silicon film on the surface of an insulator; 

(2) a process for crystallizing said silicon film by thermal annealing with a catalytic 
metal element; 

(3) a process for performing photo-annealing on said silicon film; 

(4) a process for making root mean square (RMS) of an unevenness on the surface 
not more than 10% of a film thickness, or a difference of height between a convexity and 
a concavity not more than 25% of the film thickness by performing a chemical machinery 
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polishing method on said silicon film and 

(5) a process for covering said silicon film, and piling up an insulating film and a 
conductive film, 

[Claim 2] A manufacturing method of a thin film semiconductor device wherein a 
process for for min g a thermal oxide film on the surface of said silicon film between 
processes (4) and (5) of Claim 1. 

[Claim 3] A manufacturing method of a thin film semiconductor device wherein an 
insulating film is formed by CVD method in the process (5) of Claim 1 and of which 
thickness is not more than twice of a thickness of the silicon film. 

[Claim 4] A manufacturing method of a thin film semiconductor device wherein a 
design rule of a semiconductor device manufactured by Claim 1 is 0.25 to 3 Mm. 
[Claim 5] A manufacturing method of a thin film semiconductor device wherein the 
silicon film is formed on an insulating undercoating film which is formed by CVD 
method or PVD method. 

[Claim 6] A manufacturing method of a thin film semiconductor device wherein the 
undercoating film is planarized by polishing with the chemical machinery polishing 
method in Claim 5. 

[Claim 7] A manufacturing method of a thin film semiconductor device wherein the 
catalytic metal element is one of nickel, cobalt, iron, platinum or palladium in Claim 1. 
[Detailed Description of the Invention] 
[0001] 

[Field of the invention] The present invention relates to a method of manufacturing a 
thin film shape insulating gate type semiconductor device (especially a thin film 
transistor or TFT) on the surface of an insulator. The semiconductor device by the 
present invention is used in an active matrix of a liquid crystal display etc. a driving 
circuit of an image sensor etc., a SOI integrated circuit and the conventional 
semiconductor integrated circuit (a micro-processor, a micro-controller, a micro-computer, 
and a semiconductor memory, etc.). 
[0002] 

[Prior art] Recently, the research that an insulating gate type semiconductor device 
(MISFET) is formed on an insulating substrate or on the surface (insulating surface) 
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which is separated from a semiconductor substrate by a thick insulating film even if on a 
semiconductor substrate has been performed actively. Especially, a semiconductor 
device of which semiconductor layer (active layer) is the shape of thin film is called a thin 
film transistor (TFT). In such a semiconductor device as this, it is d i f fi cult to obtain an 
element with excellent crystallinity like a single crystalline semiconductor, generally, a 
non-single cryst alline semiconductor which is not a single crystal but with crystallinity is 
used. Therefore, the crystallinity of a semiconductor seriously affects the characteristics 
of a semiconductor device. 

[0003] In case of using silicon as a semiconductor, as disclosed in Japanese Patent 
Application Laid-Open No. Hei 6-318701, when a metal element such as nickel, cobalt, 
iron, platinum, palladium, etc. is used, amorphous silicon can be crystallized at lower 
temperature and in short time. That is to say, the above-mentioned metal elements are 
functioned as catalytic metal elements in crystallization. And, the characteristics of the 
semiconductor device using the crystalline silicon film obtained in this way is generally 
excellent compared with that without using the crystalline silicon film. Besides, an 
excellent crystallization is possible in a thin film less than 1000 A. 

[0004] lb obtain more excellent crystallinity, as disclosed in Japanese Patent Application 
Laid-Open No. Hei 6-318701, it is effective that photo-annealing is performed by 
irradiating intensive light such as laser on the silicon film crystallized using the catalytic 
metal element as stated above. 
[0005] 

[Problems to be solved by the Invention] However, there is one problem to be solved in 
the method using the catalytic metal element. It is the characteristics of the 
semiconductor device are variable extensively because the catalytic metal element is 
gathered to the particular portion. That is to say, most of the catalytic metal element 
exist in a silicon film as a silicide, and the semiconductor characteristics of silicon is 
obviously lost in the region where it is much contained. In case of TFT, the problem is 
that the drain current is large in spite of what the gate bias is. The present invention 
has the purpose to solve this problem. 
[0006] 

[Means for resolving the problems] The present invention is characterized by solving 
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the above-mentioned problem by polishing and planarizing the surface of the silicon film 
crystallized by means as stated above with the chemical and machinery polishing 
method. 

[0007] That is to say through those processes, 

(1) a process for forming an amorphous silicon film on the surface of an insulator; 

(2) a process for cryst allizin g said silicon film by thermal annealing with a catalytic metal 
element," 

(3) a process for performing photo-annealing on said silicon film; 

(4) a process for making root mean square (RMS) of unevenness on the surface not more 
than 10% of a film thickness, or making the difference of height between a convexity and 
a concavity not more than 25% of the film thickness; 

the portion where the catalytic metal element in the silicon film is gathered in one side is 
removed selectively so that the characteristics of the semiconductor device can be stable. 
[0008] Then, the semiconductor device can be manufactured by covering the silicon film 
processed in this way, and piling up an insulating film and a conductive film. After the 
above-mentioned process (4), a process for forming a thermal oxide film on the surface of 
said silicon film can be arranged. The thermal oxidation in this case contains the 
thermal oxidation at low temperature of 500 to 600^, as a result of this oxidization 
process, it is effective that the catalytic metal element in the silicon film can be fixed as a 
metal oxide. 

[0009] Besides, in the present invention, the silicon film is preferably formed on the 
insulating undercoating film formed by the chemical vapor deposition (CVD) method or 
the physical vapor deposition (PVD) method. In addition to this, if the undercoating 
film is planarized by polishing with the chemical machinery polishing method, it is 
effective in the planarizing process of the silicon film. 

[0010] In the above-mentioned process (4), because CMP methods of the silicon film are 
reported by Takahashi et al. (Appl. Phys. Lett. vol. 64 (1994) pp2273), or Cao et al. (Intl 
Display Res. Conf. Oct. 10-13, 1994. Monterey, Calif. pp294), the same methods as those 
can be performed. 
[0011] 

[Action] There is another problem in the method obtaining the crystalline silicon film by 
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using thermal annealing and photo-annealing together with the catalytic metal element 
disclosed in Japanese Patent Application Laid-Open No. Hei 6-318701. It is an 
unevenness (ridge) on the surface of the silicon film caused by the photo-annealing 
process. It is caused in case of not using the catalytic metal element, but in case of 
using the catalytic metal element, because the crystallinity is changed more largely at 
photo-annealing, the local volume is much changed so that the unevenness is large. 
[0012] The unevenness is caused at least 100 A, typically, the difference of the 
unevenness (difference of height between a convexity and a concavity) from the same to 
twice as large as a film thickness is caused. That is to say, when the film thickness is 
500A, the difference of the unevenness is 500 to 1000 A. Besides, as another showing 
method of the unevenness, in case of using root mean square (RMS), it is a value over 
20% of film thickness. 

[0013] The present inventor, as a result of the research, found that the catalytic metal 
element exists selectively in a grain boundary of silicon crystal, and a ridge is generated 
in the grain boundary. Figure 1(A) shows this state conceptually, and ridges 13 to 15 
exist on a crystalline silicon film 12 formed on an insulator surface 11. The 
concentration of the catalytic metal element is shown by the density of dots, as shown in 
Figure, the catalytic metal elements gather in the ridges 13 to 15. (Figure 1 (A)) 
[0014] Therefore, because the portion where the ridge exists is no-good portion of the 
semiconductor device, the ridge is removed so that the catalytic metal element is also 
removed simultaneously In this case, because the concentration of the catalytic metal 
element is especially high in the s ummit of the ridge, the portion with high concentration 
of the catalytic metal element can be selectively removed by removing the ridge. 
Though the concentration of the catalytic metal element is high in the bases of ridges 16 
to 18, it is not enough high to lose the characteristics of the semiconductor, and is no 
problem. (Figure 1 (B)) 

[0015] Because an absolute quantity of the catalytic metal element in this portion is less, 
the catalytic metal element of the portion can be fixed as a metal oxide by thermal 
oxidizing process at suitable temperature. The oxide containing the catalytic metal 
element obtained in this way can be removed by being processed with hydrofluoric acid, 
so that the catalytic metal element can be removed. 
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[0016] In this way, in order to remove the ridge selectively, the silicon film is planarized 
by CMP method. Of course, to remove the unevenness and planarize the silicon film in 
itself contributes to miniaturization and high reliability of the semiconductor device. 
For example, as shown in Figure 2, even in case of forming an insulating film 23 and an 
electrode 24 by covering a silicon film 22 on an insulator surface 21, an existence of a 
ridge 25 becomes a problem. 

[0017] That is to say, the first problem is a lowering of insulation in the portion by 
lowering the coverage of the insulating film 23 because of the existence of the ridge. 
Furthermore, as mentioned above, because the ridge portion, of which curvature radius 
is small as well, is the portion with extremely high conductivity wherein the catalytic 
metal element exists as silicide, Fowler-Nordheim current 26 is easy to generate when 
voltage is applied between the electrode 24 and the silicon film 22. (Figure 2) 
[0018] Besides, because the ridge portion is conductive, the charge is trapped in the 
portion so that the characteristics of the semiconductor is sometimes deteriorated. It is 
found out that removing ridges and planarizing is effective on resolving these problems. 
That is to say, the insulating film on the silicon film is piled up by CVC method, 
especially, by thermal CVD method, of which thickness can be not more than twice as 
thick as the silicon film , more preferably not more than one time . Consequently, it is 
possible to keep the consumption of electricity below by lowering a threshold voltage (Vth) 
of the semiconductor device. 

[0019] This enables to scale a design rule down. That is to say, in order to make the 
design rule into half size, it is necessary that a thickness of the gate insulating film is 
reduced to half size simultaneously. Because the gate insulating film is possible to be 
thin as mentioned above, the design rule also can be 0.25 to 3 U m. 

[0020] In the research of the present inventor, in order to remove the catalytic metal 
element enough, it is necessary that RMS of the unevenness on the surface is not more 
than 10% of the film thickness, or the difference of height between a convexity and a 
concavity is not more than 25% of the film thickness. And, preferably, the undercoating 
film is even enough to perform planarization effectively. 

[0021] Furthermore, leaving the present invention, there is a report that the 
characteristics of the semiconductor device can be improved by making the silicon film 
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thin. For example, Hisao Hayashi et al. have reported in Jpn. J. Appl. Phys. Vol. 23 
(1984) L819: in case that the characteristics of TFT is researched by changing a 
thickness of a crystalline silicon active layer from 100 A to 1000 A, the preferable 
characteristics can be obtained that the field effect mobility is improved, and a threshold 
voltage and a leak current are reduced when the active layer becomes thin. 
[0022] This is applicable to a crystalline silicon film using the catalytic metal element 
which is the subject of the present invention. Therefore, in the present invention, the 
characteristics of the semiconductor device can be improved not only by planarization by 
CMP method but also by making the silicon film thin by polishing. 
[0023] 

[Embodiment] The present embodiment is shown in Figures 3 and 4. First, an silicon 
oxide film 32 is formed as an underrating oxide film by sputtering to a thickness of 1000 
to 5000A, for example 4000A on a substrate 31 (Corning 7059, 100mm x 100 mm) 
which is planarized and polished. This silicon oxide film 32 is provided in order to 
prevent an impurity from the glass substrate from diffusing. 

[0024] Then, it is polished and planarized by CMP method of the silicon oxide film which 
is known publicly. As planarizing rate, RMS of the unevenness is not more than 10 A. 
Next, an amorphous silicon film 33 is formed by plasma CVD method to a thickness of 
400 to 1500 A, for example 500 A. After that, a layer 34 of several to several tens A (a 
nickel-contained layer) wherein nickel or nickel compound is contained is formed on the 
amorphous silicon film. 

[0025] The nickel-contained layer 34 can be formed by one of the following methods^ 
®A method of drying after applying solution containing nickel element. 
(DA method of depositing nickel or nickel compound by sputtering. 

®A method of decomposing and piling up the gaseous organic nickel by heat, light and 
plasma, (vapor phase growing method) 

[0026] Tb apply the solution in the method of (D, for example, spin coating method and 
dipping method can be used. In the present embodi m ent, a nickel acetate film is 
formed by spin coating method. The following is the detail of the method. 
[0027] First, a silicon oxide film is formed to a thickness of 10 to 50 Aon the amorphous 
silicon film by oxidizing the surface of silicon. Forming the silicon oxide film can be 
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performed by irradiation of UV light in an atmosphere of oxygen, thermal oxidization, 
processing by hydrogen peroxide, etc. The oxide film is formed to a thickness of 20 A by 
irradiation of UV light in an atmosphere of oxygen here. This silicon oxide film is, in 
the subsequent process for applying the nickel acetate solution, for making nickel acetate 
solution spread all over the surface of the amorphous silicon film, that is to say, for 
improving the surface characteristics of the silicon film and preventing the solution from 
repelling. 

[0028] Next, the nickel acetate solution is made by dissolving nickel into the acetate 
solution. At this time, the concentration of nickel is lOppm. Then, this nickel acetate 
solution of 2ml is dropped on the surface of the substrate which is rotating, and the 
nickel acetate solution is spread all over the substrate uniformly by holding this 
condition for five minutes. After that, spin dry (2000rpm, 60sec.) is performed by 
revving up the substrate. 

[0029] In the research of the present inventor, the concentration of nickel in the nickel 
acetate solution is practical if it is not less than Ippm. A nickel acetate layer of which 
thickness is at an average of 20 A can be formed on the surface of the amorphous silicon 
film after spin dry by performing the process for applying this nickel acetate solution one 
time to several times. Besides, the above-mentioned layer is not necessarily the perfect 
film The same layer can be formed using other nickel compounds. In this way, the 
nickel acetate film (a nickel-contained layer) 34 is formed. (Figure 3 (A)) 
[0030] In the present embodiment, a method of introducing nickel or nickel compound on 
the amorphous silicon film is shown, but a method of introducing nickel or nickel 
compound under the amorphous silicon film (that is to say, between the undercoating 
oxide film 32 and the silicon film 33) can be used. In this case, nickel or nickel 
compound is introduced before forming the amorphous silicon film. 

[0031] After forming the nickel-contained layer, a crystalline silicon film 35 is obtained by 
heating processing at 550*0 in an atmosphere of nitrogen for four hours in a heating 
oven. Most of the amorphous silicon is crystallized by this thermal annealing, however, 
amorphous silicon partially remained. Then, these defective crystallized portion is also 
crystallized by irradiating KrF excimer laser beam (wavelength 248nm) to improve the 
crystallinity. The energy density of the laser is 200 to 350m J/cm 2 . The energy density 
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of the laser is decided by taking a thickness of the silicon film and the rate of 
crystallization, etc. into consideration. (Figure 3 (B)) 

[0032] As a result of the above-mentioned photo-annealing, a lot of ridges 36 to 38 is 
generated on the surface of the crystalline silicon 35. In the present embodiment, the 
height of the ridges are 200 to 1500A. (Figure 3 (O) 

Next, the surface of the silicon film 35 is planarized by performing CMP method. In the 
present embo dim ent, the even surface 39 of which RMS of unevenness is 20 A (that is to 
say, 4% of the film thickness) is obtained by performing the method disclosed in Intl 
Display Res. Conf. Oct. 10-13. 1994. Monterey, Calif. Pp294). A lot of nickel 
concentrated in ridges can be removed by removing the ridges. (Figure 3 (D)) 
[0033] Besides, though the silicon surface 39 is damaged to no small extent by CMP 
method as mentioned above, the damage can be removed by thermal annealing and 
thermal oxidization. In the present embodiment, the above-mentioned damage can be 
removed by forming a very thin silicon oxide film on the surface by thermal oxidization 
at one atmospheric pressure in an atmosphere of oxygen at SSO'C for 30 minutes to 2 
hours, and by etching with hydrofluoric acid, (a first thermal oxidization) 
[0034] Next, the crystalline silicon film obtained in this way is etched by dry etching 
method, so that an island shape region 43 (island shape silicon film) is formed. This 
island shape silicon film 43 constitutes an active layer of TFT. Then, thermal annealing 
is performed at one atmospheric pressure in an atmosphere of oxygen at 550*0 for 30 
minutes to 2 hours, (a second thermal oxidization) 

[0035] After that, as a gate insulating film 107, a silicon oxide film 44 is piled up to a 
thickness of 500 to 1000A, for example 750A by thermal CVD method. Monosilane 
(SiH*) and oxygen (O2) are used as material gases. The preferable substrate 
temperature at film formation is 410 to450 c C. (Figure 4 (A)) 

[0036] Furthermore, a poly-crystalline silicon film is piled up to a thickness of 3000 to 
6000 A by reduced pressure CVD method using disilane (Si^e) as material. 
Phosphorus is doped into the poly-crystalline silicon film by doping phosphine (PH3) of 1 
to 5% for disilane, so that the conductivity is improved. Next, a gate electrode 45 is 
formed by etching the poly-crystalline silicon film. (Figure 4 (B)) 

[0037] After that, impurity (phosphorus in the present embodiment) is implanted to the 
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island shape silicon film 43 in a self-alignment manner for the gate electrode 45 by ion 
doping method. Phosphine (PH3) is used as doping gas. In this case, the quantity of a 
dose is 1 x 10 13 to 5 x 10 15 cnr 2 , and the acceleration voltage is 10 to 90kV, for example, 
the quantity of a dose is 5 x 10 14 atom/cm 2 , and the acceleration voltage is 80kV. 
Consequently a N-type impurity regions 46a (source) and 46b (drain) are formed. 
(Figure4 (©) 

[0038] Furthermore, the doped impurity region 110 is activated by irradiating KrF 
excimer laser (wavelength 248nm, pulse width 20nsec). The energy density of the laser 
is 200 to 400mJ/cm 2 . Preferably, 250 to 300mJ/cm 2 is suitable. This process can be 
performed by thermal annealing of 350 to 500X3. Also, thermal annealing can be 
performed after activation by laser. 

[0039] Next, as an interlayer insulating film, a silicon oxide film 47 is formed to a 
thickness of 3000A by plasma CVD method. Then, the interlayer insulating film 47 
and the gate insulating film 44 are etched and contact holes are formed in source/drain. 
After that, a titan film 48 (lOOOA in thickness) and an aluminum film 49 (5000A in 
thickness) are formed by sputtering, which are etched to form a source electrode 50a and 
a drain electrode 50b, and TFT is accomplished. Furthermore, hydrogenation 
processing can be performed at 200 to 400*0. (Figure 4 (D)) 

[0040] When the characteristics of TFT with channel length/width of 3/3 Mm formed by 
the above-mentioned method is measured, there is neither case out of hundred which 
does not show TFT operation, nor that of which drain current (OFF current) is not less 
than InAin the gate bias>10V and the drain voltageH-lV. 

[0041] However, among TFTs that are not planarized by CMP method of Figure 3 (D), 
TFTs which do not show the TFT operation are 38 cases out of 100. TFTs of which OFF 
current is not less than InA under the condition mentioned above are 25 cases among 62 
cases which show TFT operation. As a result of analysis about inferiority, no-good TFT 
operation and OFF current are caused by gate leak which is caused mainly by the thin 
gate insulating film of 750 A. When a thickness of the gate insulating film is 1200 A, 
operations are observed in every TFT. 

[0042] Besides, in the present embodiment, though all of the TFTs which the first 
thermal oxidization is not performed show the TFT operation, TFTs of which OFF 
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current is not less than InA are 3 cases out of 100. Similarly in the present 
embodiment, though all of the TFIfe which the second thermal oxidization is not 
performed show the TFT operation, TFTs of which OFF current is not less than InA are 
8 cases out of 100. In this way, it is observed that the first and the second thermal 
oxidizing processes of the present embodiment contribute to reduce the OFF current. 
[0043] (Embo dim ent 2) The present embodiment is explained with Figure 5. By the 
same method as Embodiment 1 or the description in relation to Figure 3, a crystalline 
silicon film (500 A in thickness) with even surface is formed on a glass substrate 51 and 
an undercoating silicon oxide film 52. However, in the present embodiment, palladium 
is used as a catalytic metal element. After that, an active layers of TFT 53N (for N 
channel type TFT) and 53P (for P channel type TFT) are formed by etching the silicon 
film in the same way as Embodiment 1. Subsequently, as a gate insulating film, a 
silicon oxide film 54 is formed to a thickness of 500 to 1000A, for example, 500A by 
plasma CVD method. 

[0044] After that, an aluminum (containing Si of lwt% or Sc of 0.1 to 0.3wt%) film is 
formed to a thickness of 1000 A to 3um, for example, 5000 A by sputtering, and a gate 
electrodes 55N and 55P are formed by patterning the film. (Figure 5 (A)) 
[0045] Next, anodic oxidation is performed by dipping a substrate in ethylene glycol 
solution of tartaric acid of pH^7, 1 to 3%, using platinum as the cathode, and using the 
gate electrodes 55N and 55P of aluminum as the anode. The anodic oxidation is 
accomplished by increasing the voltage up to 120V with the constant current first and 
holding the condition for one hour. In this way, an anodic oxide covering films 56N and 
56P are formed to a thickness of 1500 to2500 A, for example, 2000 A. (Figure 5 (B)) 
[0046] After that, N type and P type impurities (respective phosphorus and boron in the 
present embodiment) are implanted into the island shape silicon film 206 by ion doping 
method in a self-ahgnment manner for the gate electrode and the anodic oxide. 
Phosphine (PH3) and diborane GteHo) are used as doping gases. Doping methods follow 
the CMOS technology known publicly In the present embodiment, the quantity of a 
dose of both phosphorus and boron is 1 x 10 13 to 5 x 10 15 cm* 2 , the acceleration voltage is 
10 to 90kV, for example, a dose of phosphorus is 5 x 10 14 cm' 2 , the acceleration voltage is 
80kV, a dose of boron is 1 x 10 15 cm" 2 , and the acceleration voltage is 65kV 
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[0047] The present embodiment is the off-set structure that the gate electrode is away 
from the source and the drain as thick as the anodic oxide. The detail of TFT with such 
structure as this is disclosed in Japanese Patent Application Laid-Open No. Hei 
5-267667. Furthermore, doped impurity is activated by KrF excimer laser in the same 
way as Embodiment 1. As a result of this, a N-type impurity region 57N (source/drain) 
and a P-type impurity region 57P (source/drain) are formed. (Figure 5 (O) 
[0048] After that, as an interlayer insulating film, a silicon oxide film 58 is formed to a 
thickness of 3000 A by reduced pressure CVD method. Then, contact holes are formed 
in source/ drain by etching the interlayer insulating film 58 and the gate insulating film 
54. Then, an aluminum film of 5000 A is formed by sputtering, and source/drain 
electrodes and a wiring 59a to 59c are formed by etching the film. Furthermore, 
hydrogenation processing at 200 to 400*0 can be performed. In this way, the CMOS 
circuit can be constituted by TFT. (Figure 5 (D)) 

[0049] The gate insulating film of the TFT obtained in this way is thin (in the 
conventional case, the gate insulating film not more than 1000A cannot prevent gate 
leak.) compared with the conventional TFT Therefore, especially excellent TFT can be 
obtained compared with the conventional one regarding the characteristics of the field 
effect mobility, the threshold voltage, the leak current, etc. 
[0050] 

[Effect of the present invention] According to the present invention, the TFT with 
excellent characteristics can be obtained. In the present embodiment, as a TFT 
structure, comparatively simple one is taken up. For example, an impurity region with 
low concentration shown in Japanese Patent Application Laid-Open No. Hei 3-38755 can 
be provided in a source and a drain. Besides, in the Embodiment 2, the embodiment 
wherein a gate electrode is anodized is shown, and also it is possible to manufacture the 
TFT with complex structure by combining a different kind of anodic oxide as shown in 
Japanese Patent Application Laid-Open No. Hei 6-338612. In this way, the present 
invention is profitable for industrial use and enough to be patented. 
[A brief explanation of Figures] 

[Figure l] It shows a processing method of a silicon film by the present invention. 
[Figure 2] It shows an example of the characteristics deterioration by existence of ridges. 
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[Figure 3] It shows a manufacturing method of a silicon film by the present invention. 
(Embodiment 1) 

[Figure 4] It shows a manufacturing method of a TFT element by the present invention. 
(Embodiment l) 

[Figure 5] It shows a manufacturing method of a TFT circuit by the present invention. 

(Embodiment 2) 

[An explanation of marks] 
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16 to 18 portion with high concentration of catalytic metal element 
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* — 3*fe>-fr—»©MblS*. »*W4SOIil*fl 
E»-*a*©¥ilMMIH*l3l& C7< irp^D-tyU— * 40 

[0 0 0 2] 

[ft*©&fl5] ifi¥, £&£«±. bL<i$*m&Mtfi 
fc*B («6tt«n) ±\zmmy^ bM*m#mm (mi 

SFET) *f^tSf^*s^(:«K*nTU5. 

(fi§ttH) dt|WK?»«f lfl«t«ilK h 

5>V7* (tft) t^s. z\<n£.^ts.*mwmmz 
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[0 0 0 3] ¥i#<hLTy | J3>^l,^I^|;H 
#I¥6 - 3 1 8 7 0 1 ICi^nSieiC, rzy-Jr 
;k ft. A7^?A^©5fe«7c&£fl? 

-5. *LT. £©±5KbT#SnfciSSStt->'j3>]8& 

T. ILTA0t»ofc. 1 0 0 0A*«©»H 

[0 0 0 4] ±0, «fH¥6 
- 3 1 8 7 0 1 \ZM^ZftZ>£.0\Z, XE©«k5»C«j« 

[0 0 0 5] 

KtcsH H * t- ««&-T^ S IHIH # 1 o * o fc. 

¥3l#:8fi©4# tt©/1 v y^rtm V < <S> £ ^ 5 C h. T* 
**. -Tftto-fe. »JSE^«7n?St4, #-<te3{bfe©JE*T 

tt, ^U3>©*i*(*Wtt#¥lX*ftfcnTiSD. T 
FTCS^T'^nH y-f hA*-f 7X©^PfBJ»CK*3 6. 

[0 0 0 6] 

[gSjg£«&-r-£.fcJ6©^S] *3Sfitt, XKWJcpfr 

[0007] -rfcfr-e, 

(i) tt*£ffi±£#fi*->y3>**»ric-r*ie 

(3) we>''j3>itfc3tt7'— — ^*jfi-rxa 

(4) «ie->U3>*fcfls¥W««W«W» (CMP) s 
SrSST^tCekO, *B©[!flO©-*¥^©¥*« (R 

ms) *«ji©io%«t, t>u<tt. ogctiaas©^ 
zcommm<D2 5 sseATtxcs^-sfc-r-sxs 

l>ft^tt&MtRMlzm3kl>* «tt?T, ¥««:SH©1#tt 
[0 0 0 8] fit, i©±5fC^aLfc^'J 3>K 

Sot, mmmizmmmt&mm-rz z. t\z&v , *m 
#mm&ft®Tz>zt&T?&z>. ±te©xa (4) © 



( 3 ) 
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ttTfc«kV>. d(D^-&<7)^fbt«, 5 0 0~6 0 0t 
[0 0 0 9] Sfc. *%BJf3*5^T«. ^'J3>KttYk 

^waffijss (cvd) m*>is<\mw&3%.mf$.& (p 

[0 0 10] ±fB©Ig (4) IC*5^T. yU3>|© 
CMPffitLTti. i65*Se> (Appl.Phys. Lett, vol.64 
(1994) pp2273) . t>-*% (Inf 1 Display R 

es.Conf. Oct. 10-13, 1994, Monterey, Calif. pp294) 

[0 0 11] 

[f^ffl] *H¥6 - 3 1 8 7 0 1 tra*^tlS«a^JB 
7ns^S:fflVifc^7r.-;i/t^7n— MffflLT, 3311 20 

a (UyS?) ©W«T**. cntt«j»*JR7c**fflt» 

[0 0 12] HC)«, 4>&< tfclOOA, AMWt' 
tt. Biff £rag«a»& 2 fl&OKIia* ([Sg|5i:(H]g|5©iS$ 
©H) J&*£U£. -T^^-fe. gHJP£*5 0 0 AT&tltf, 30 
E3i!!i*tt5 0 0~1 0 0 OAfcfcfcofc. *&, G3dl© 
^©S^ffitLT. -S^fPW^ffi (RMS) * 

[0 0 13] ST, *SS9!Att. SFftOlMt. 

ttfft'J yy««*4t«i:itJWBl/fc. ZWUTS:®. 
±mz.7r^tz<r>1fi. Ml (A) T<£> 9, MftSffll l± 
fc»J* £ n/tfifltt -> U n >Bt 1 2 lc tt. U -j ->* 1 3 ~ 

1 5 jlfcift&M7E*0B£tt K y \-<n®mT' 

36*$tlT*0, 0}'*-r<t5{C, U7V1 3-1 5t: 40 
itL-Tt^. (01 (A) ) 

[0 0 14] L-fc#oT, iJ-yiS<Dfr&-f2>&m^ ¥ 

M±»Ttt. #fctt«&K7E*<B»«*«S^©T. 'J y 
S*|*Sl::«fcoT, ft4«&S^3g«K©J6^SK#£SiRM 
£Rfc*T£-5. U y$?©«7C©»# 1 6~ 1 8 

**Tttfc<, «<t:A£*Kg,J:te&S>&H. (Hi 
(B) ) 50 



[0 0 15] C©3B#©«M£&JB7cSSte> Se^rS***^ 
U©T. *i!Sfca*©JRH»fl;«l3»::J;oT. Ste35#© 

T#&. COJ:-5»:bT»e>nfclltJ«*JB5c** , &tyS8 

<t*«. y v it TK^KTMa-rs-itrio i&st#, 

[0 0 16] d©i;5l', U yS?Sa«WC|»*T*t 
&^3A, IHifb*J!S<b. yU3>M?lftt4^t 

I2 2^T, J6H2 3tii2 4&Mt5l^ 

[0017] -rttto-s.- u yis<D&&<DZitb\z, mmm 

2 3 08Ht*«fiTLT. SK»»Ol«ltt«««TT6 
ui«5Sl ©ffiHTifc-pit. ±12© i •5fc» U 

T. mffi2 4ix'Jn>K2 2©Wfc«flE*BPin-r* 
<h. 7r'>7 • /AK/W AmSK2 6#Jffi£L-*»-rj5»o 
fc. (B 2 ) 

[0 0 18] 'Jv^iflltttWSftft, tt 

I^CVDS, #KlS»CVDftk:J:-3T*l*U ^©JP 
S^y'j3>IOfS02e£(T, ±0. jfSKBl 

«©U*lr»**BE (V,J */h£<U 

t^nJtgT&s. 

[0 0 19] C©d<h«, -rtf-f >;P-^©8l/jN€rt>'BI 

e»n-5©Tcb-5*t. ±is©«t'5cy'f h*6&m*»<-r 

5~ 3 /imit 5ut feolBgi^ofeo 
[0 0 2 0] *«^A©W3tTtt, +»IC(tt«^S7C^ 
$r^*-T-5>(C«, «E©(Hlia©RMS*i»tJP© 1 0 96£t 
T. feb<«, i!!i«i:G3ffl©i«$0****ff©2 

Tot»m*»t-r*i:i*«<S5>aT**. fix. 

1S.WMit*iSZ.tS.?1Z#>\Z\t, TMm$>+Wz¥-iBT'$> 

[0 0 2 1] *J8Witt*JC. y'J3>i^i< 

5$m;J*&-5. Jpn. J. Appl. Ph 

ys.vol. 23 (1984) L819tC*5tiT, i^Stt©-> U zi >© 
fSttil©PS$- 1 0 0A^6 1 0 0 0 A^T-^-ftiS-tt-T 



( 4 

5 

[0 0 2 2] cooctte, *^Bj©^^t-r-£.J;5^M 

{bfctticgi^ct&K, £<=>[;:, {Jf«£jis6T:> 1 J 3 
< -T * d t J: fc¥«#:SS©1f 

[0 0 2 3] 

mmm] 10 

{t;W«bfe*1S3 1 (n-->^7 0 5 9, 1 0 0mm 
X 1 0 Omm) ±KT*SMfcll!t£L-C. SHtJiSSffll 3 2 
SX/^y^U >ifmz£ 0 1 0 0 0~5 0 0 0 A, m*. 
tf. 4 0 0 0 A»C(fcfltLfc. Z.<DWUt&mm3 2«. # 

[0 0 2 4] ■€■ L-T. ^acHta^OCMPffiCJ; 

HflCRMSSlOAHTiLfc. f LT, #M->'J 
3>K3 3£/7X?CVDftCJ;0 4 0 0~1 5 0 0 20 
A, 61*. tf. 5 0 0AC^Lfc. -toft. ^SSy'J 

[0 0 2 5] -y^**I3 4S»S)Et4l:tt. 

©- *j y;Pt> L- < ti-y T1We&m&7.n y 9V>#& 

[0 0 2 6] ©0^fttC*5ViT^JK$:^*-r-5)tCtt, 00 

parr*. 

[0 0 2 7] S-T, #S«^Un>M±tc>-Un>^S 
*»<tr*ili»C«J:t)«ft3**IlS 10-5 0ACM 

a. aony^r;nfflfctt[***a*-rsiSTf. #as 

[0 0 2 8] ^tTfc:, 

;KD»«B10ppmtlfc. -tUT, lel^^-e-fcSffi 
±fCC05n y y;i,»S5*£^*S«SBC2m 50 
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tfTXfcT> Ky-f (2 0 0 0 r pm, 6 0 g>) £iS d& 

[0 0 2 9] #569!*©W?e-l?tt. ny$r;Hl«ift*« 
4 J C43tt-5--y^^©jgStt, 1 PPm^TWtf* 

tt»o*3cfepct(cj:o. xhr>K5-fao#a«-> 

I^Tt)H*l:T*5. C© J: SCUT. gfgE-y^l- 
K ty!rmi) 3 4^f6)cLfc. (0 3 (A) ) 
[0 0 3 0] #*IMlfc:*H-Ctt, MMyU3>I± 

tc - y y ;i/ 1, l < it- v TMtsmzmA-rzjsm&m 

3 2ty!Jn>l3 3 «DPB) \Z=. y >r)\,% b < «n y y 
MSx'J 3 >M©J&l&fJtc^y ^JkfcL< teriy^ 

[0031] —y*r)vfsnmwfi&t. mmtp\z$5^T. 

ioT, ^c«5»©*aKv'U=i>ttiB«<bLfc^ tc 
5i^5C#My'J3>0»»«sasnTHt. ^C 
T% ttattfiJ±«Dfc«>K:K r Fl+yVl/- if-ft (& 
S2 4 8 nm) &J»*tU Iine^iJiaftftB^S 
fcttfiffcatffc. i/-if-oi*;^-«WJ2 0 0- 

3 5 0 m J / c m ! tLfc. tr* — ®I^;P^-Sa 

tntf±^. (0 3 (B) ) 

[0 0 3 2] ±&<DytT——)V(Dl&m. ^My'Ja> 
l3 5©*Sl:li ^<<Z>U y i?3 6~3 8##g£L 
fc. **J£«aJ-C«, U7i?©SSa2 0 0~l 500A 
T'&nfz. (03 (C) ) 

^tC, CMPi££J6U y'j3>!3 5 ©*®£¥ffifl: 
L/fe„ ^USS^j-cti, int'l Display Res. Conf. Oct.l 
0-13, 1994, Monterey, Calif. pp294) tffi^^tlfc^T 
ffilCfcoT^C^cH. C3£i<DRMS^2 0 A (T^fc 

If©4%) T?*«ffi&8ii3 9S#t. UyS? 
^^*-r-5Clt(Cj:0, U y5?K«H'LT«r>fcnyir;i/ 
0*<*»*t4^t'bTtt. (0 3 (D) ) 

[0 0 3 3] &*5, ±EWCMPffiOfc«i>tC. ->Un> 
^®3 9H'>Si^W-y«S(t5*«, dtltt, ^ 

1I5EE. 5 5 0t©S$#lg©Mfc&3 0»~2Nf 
[0 0 3 4] C<DJ;5»CLT#^tlfcigatt-> 



( 5 

7 

■J n>Btft H7-fX7?>^ffiliioTX^?>^L 
T\ 3 (»«">U3>«) «lfc„ CCD 

»«->'J 3 >«4 3 I4T F T©fitti*irttS. ^L, 
T\ 1»£E, 5 5 0tOt*»i«T» 3 0»-2«rlW 
^7^-J^^:^^L (312 cD&SKfc) 

[0 0 3 5] y-f h«»Il 0 7 <h It, ttJP 

5 0 0- 1 0 0 0A, MAH 7 5 o A<z>ttft;g*K4 
4ftlCVDftfcJ;^T*il/fc. I^X^yy7 
>(SiH ( ) (O, ) Srffl^fc. dcK^P^XK 

I«H4 1 0-4 5 0WSl/^&. (04 10 

(A) ) 

[0 0 3 6] tSZ\Z, WBECVDttKUzoT, S^>5> 
(Si: H 6 ) SEfitLT, 1^ 3 0 0 0-6 0 0 0 

*X:7y> (PH, ) *l-5%»UD*r*Ci^J:D, 

y< Hi4 5 6MLfc. (04 (B) ) 

[0 0 3 7] -f *>H— e>yttfc«toT, & 

«y'j3>l4 3C, ^h*S4 5l:»l/T, SE1 20 
^Wfc^tt* (**Jfi«fc*l^Ttt«) ^AL^o F 
-i;>^XiLTtt7*X7^> (PH, ) £/BH 
fco ^«^H-Xilj:ixiO l5 -5XlO ,s cm 
" 2 , ftia«EBlO-9 0kV, H-X»*5 
xi0 M J|f/cm ! , £DifSJE£8 0 k V £Lfz 0 H 
NI?MW^4 6a (V-X) , 46b (H 
U"f» WMStlfc. (0 4 (C) ) 
[0 0 3 8] £ SK, K r If— «S2 

4 8nm, /U7fi2 0nsec) S:i»LT, H— tf 

>ysnfc^««**i i oosttft*s^6o&. u 30 

— If— ©X*;P^f— e*f4 2 00-400mJ/c 
m 2 , ffSb<J42 5 0-3 0 0 m J / c m l ^ISt 
Sofc. u©I8B3 5 0-5 0 O^jx-Mii 
oTS^ftoTfeJ:^. l^— tf— tcfc^ffittYt© ' 

[0 0 3 9] l€\Z, IKIfiilStbT, ^5X7CV 
DfefcJ:oT»fti*llt4 7 £jp£ 3 0 0 0A«iL 
fc. fLT, ■mHUHR4 7, y>f hS&il4 4©X 7 

;Hfc»*Lfc. W>I4 8 (1^ 1 0 0 0 40 

A) , 7;i/5 -^A^U 9 0P2 5 0 0 0A) 

Xll5 0a, PK>«i5 0bS»4U TFT£ 
^^itfco SSfc:2 0 0-4 0 0tt*MfflI**5 

:4^Tt)i^ (04 (D) ) 

[0 0 4 0] ^©^ffi^ioTf^aUfc^^^fi/ 
(I#3/3 fim<DTFT<Dft&&mj£Lfr£Z.%. TF 
TKffS^S^ofcfeO, &J:£>\ y-f h/H7X : 
-10V, FK>tE:+lVTOKK>t« (O 
FF1S) ^ 1 nA£i±<Di><D\Z. 1 OOWl^fe 50 
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[0 0 4 1 ] L^L&7&*£, 03 (D) ©CMPSCi 

ftrt^fcfcCDtt, 100I*38ife$)^ TFTftfP 
£^L*:6 21^)7%, ±IB*fl="C©OFF«283i*, 1 
nA£t±©fc©tt, 2 5it)fc-3fc. WM^S, 
TFTO«lf^*J:lXOFF««05FAtt, iilt, y 

< vtmaafii 5 o Atiir^tti^ y-hu-i? 

jMHSTfcofc. y-f h«ftBKO*S*l 2 0 0Att 
it©TFTtlif*«»BSftfc. 
[0 0 4 2] *fc, **««K*^T, »l©SR«{fc* 
;&E&:fo&a>-3&fc©T?B:, £T#*TFTftff*SLfc 
t><BG>, OFFtl^lnAKiOfcOH 1 OOfit 
3ffl^ofco B«fc**jfi«fc*^T, Ig2 <^£^ll^ft: : £ 
OF FttflE*«l n A£U:(E>fc(£>te, 1 0 0fi* 

zsm 2 oi^kii^o f f«*«« tsf#-r* - ta« 

[0 0 4 3] [*1M2) H5t«^T, **S£#J£Ift 
K"T^o *JE0H1 *>L<»4H3fcBii-rsEJ!EilRli;^ 
ttT, ^7XSfi5 1, T«ftai«5 2±H, ¥S 
ft^®$tn«afiyUn>K (f^ 5 0 0A) 

;t7y!>AS:ffl^fc. ft. ^ttM 1 tmWzis U 13 
>^(DX^^>^S:*5CfeV^ TFT(Z)ffil4l5 3N 
(Nft*;HTFTffl) t53P (Pft^HTF 

5 0 0-1 0 0 0 A, mX\Z. 5 0 0 AG>Btffc&*K5 
4Sy5X"7CVDSl:J:oTMbft. 
[0 0 4 4] -^CO^, jp£ 1 0 0 OA- 3 Mm, #J*_ 
\i, 5 0 0 0 A07J^x OK (lwtXOSi, & L 
<«:0. 1-0. 3wt%(Z)Sc^t?) i^XA°7^ 

y-fh«S5 5N, 5 5P$Mlfc. (05 (A)) 
[0 0 4 5] ^^llS«$pH=7, 1-3%015S 

x^A©y^htl5 5N, 5 5P^itlt, 

•ft«:45Ji3teofc. »SBtft;H. mm-femmx- 1 2 0 

fco ^Oct^tcLT, J¥2 1 5 0 0-2 5 0 OA, MZ- 
tf, 2OOOA0iWkW56N, 5 6P&M 
Lfco (05 (B) ) 

[0 0 4 6] K-fcf >y}*^J:^T, A 

ttxU3>R2 0 6l:, y-f h««i»SK<b«fc»L 

Ttttn-en, ^ttALfc 0 K-t?>^#x 

tltll7^X7^> (PH, ) £i?#7> (B 

, H t ) &m^tz„ K-fcf>^0>frfttt&fl<BCMOS 
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*>ixi0' ! ~5xi0' s cm" ! . tiamMEElt 1 0 ~ 9 
OkV. 0flAtf. i«l«-XiS5 x l 0" cm\ j&D 
Mff*8 0kV. iiHF-X*l^lxiO ,i c 
m'\ SDi£SEE£6 5 k V<hbfc= 
[0 0 4 7] **Jfi«Ttt. »«BHb«©JP£;eW\ ^* 

atJBta. Cl©«fc53&:«|jiOTFT©»IBIfc-r)V»Ttt, 
*|#PI¥5 - 2 6 7 6 6 7 fcffl*£ttT^£. H 

**e*«*5 7 p (v-x/ h u-f » *«»j*anfc. 

(05 (C) ) 

[0 0 4 8] ■mfBflUt£:bT. MJECVDfe 

iz^^xmitmmms 8 £P£ 300 0 AcjswLfc. 
^tvx. mmmmms 8, y-r t-isws 4©zyf> 

T, y-X/HK>li-SS59a~59c$M 20 

LAco $e»t;2 o o~4 o oxixAm^m^az.rji-D 

Tfc«k^. &±<D£.oizLX, CMOStHlSS^TFTfC 
«k^T*jST?*fc. (15 (D) ) 
[0 0 4 9] ^CDJ;5ICLT#6nfcTFT«, 

«, iooo a^to^t bmmmxte, y< h u — * 

LT*l!!i:l)f&t)0««ll6n&. 
[0 0 5 0] 30 

tt\ 3-3 8 7 5 5t^$tlS«fcpi^fiift*'F*6 

trfe, #IS¥6-3 3 8 6 1 2I^BB^$n-S.J;5(C. H 
a©»S«fl2<»*a*^to1irT. *«ia«|jfi©TFT* 

±, t^T*o, ^tt^nsct^t-fei). 40 

[01] *««i:J:4i/iJ n>ROfil*ffi«*t. 

[02] 'J y -J<Dft&\Z&Z®&&it<Dm*7fi-T. 
[03] *5BWt«t*->U=i>«OfP«^ffiS*r. 
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mmm i ) 

[0 4] #5£BflK£STFT3!f^©f£S:m££7F:-r. 
<*MS0!l 1 ) 

[0 5] *^BjtcJ:STFT[H]Sg<O^Sg^?iS^-r o 



(*i£^J 2 ) 

1 l s« 

12 *SH4->U3>I 

13-15 Uyi? 

16-18 ftfc^JS7t;*««©SiV^» 

2 1 1£ 

2 2 ^S'tt->'Jn>(K 

2 3 «e«K 

2 4 ^@ 

2 5 U y ^ 

2 6 Vr^=y • yOUF/Vf ASI 

2 7 min 

3 1 £« 

3 2 TilfeM 

3 3 M«yyn»i 

3 4 ryir^tl (BfflE--;/^;WI) 

3 5 ieStty'J3>« 

3 6-3 8 ijyy 

3 9 ¥ifite£ ftfc -> U n >SI 

4 1 

4 2 T#J« 

4 3 *«'>U3>«« 

4 4 y-r 

4 5 y-f MS (Mfty'J3» 

4 6 NSi^lGttfHtt 

4 7 JBMttJktt (ftfttl*) 

4 8 ^^>m 

4 9 7;P5Z>7AI 

so y-x/Hw >mm -mm. 

5 1 *« 
5 2 

5 3N. 5 3P l«->U3>S« 

54 4V mum 

55N, 55P yWhfS (^S->ij3» 

5 6N. 5 6 p mmmitgo 

5 7n. 5 7 p ^mynm®. 

5 8 sr^*e^#j oKfcg*) 

5 9 V-^/HK>lg'S* 
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